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The data presented in this paper stem from a phenomenon observed during a 
study of the effect of reduced temperature of incubation on the persistence of 
herpes  simplex  virus  in  cultured  cells.  The  phenomenon is  described  here 
because  of  the  unique character  of  the  focal  proliferation observed  in  cell 
cultures and its relationship to viral infection. During these  studies a  line of 
cells  was  developed  which,  after  prolonged infection with  herpes  virus,  ex- 
hibited an altered growth pattern differing strikingly from that of the parent 
cell line. The newly derived cell line  (designated C-4)  was  examined to  de- 
termine whether it represents a  cell transformation or the  selection of a  cell 
mutant, and to define the role of herpes virus in the phenomenon. 
Materials and Methods 
Virus.--The  HF strain of herpes simplex virus  (referred to  here as herpes virus)  was 
obtained from the American Type Culture Collection. In this laboratory the virus was passed 
serially through  two mouse passages and nineteen tissue culture passages. Stock virus was 
prepared in cultures of conjunctiva cells and stored in 1.0 ml. amounts at --70°C. 
Tissue Cultures.--The stock line of human conjunctiva cells (Chang) has been carried in 
this laboratory for over 4 years. The cells were routinely cultured in 200 ml. flat-sided bottles 
incubated at 37°C. in Eagle's basal medium (1) and 20 per cent horse serum. Cells were dis- 
persed with 0.05 per cent trypsin (Nutritional  Biochemicals Corporation, Cleveland, Ohio, 
1:300) and were distributed to 16 X  120 ram. round tubes, flat sided tubes containing cover- 
slips (Leighton tubes), or to Petri dishes, as needed for individual experiments. 
The C-4 line of cells described in this paper was routinely grown at 370C. in Eagle's basal 
medium with 20 per cent horse serum and 20 per cent pooled human serum. 
Horse serum was obtained  as whole sterile blood from a  local commercial source. The 
serum was harvested aseptically and stored at -20°C. Human serum from a selected group 
of local donors was stored at -  20°C. Approximately equal amounts of serum from each donor 
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were pooled and  filtered through  a  Seitz positive pressure filter before use.  Pooled human 
serum was assayed for neutralizing antibody against the stock strain of herpes simplex virus. 
A dilution of 1:2  of the pooled serum neutralized approximately 300  plaque-forming units 
(PFU) of virus. All sera were inactivated at 56°C. for 30 minutes before use. 
Virus Titratians.--Assay of herpes simplex  virus in the early part of the study described 
here was carried out by tube titrations using human conjunctiva cells. Tubes containing cells 
in confluent sheets were washed once with a  balanced  salt solution  (BSS),  pH  7.2,  before 
inoculation with tenfold dilutions of virus in Eagle's medium and  5 per cent horse serum. 
Inoculated cultures were incubated at 37°C. and  examined dally for evidence of characteristic 
cytopathic effect.  In later experiments virus titrations were performed using a  plaque tech- 
nique  to  be described fully in  a  subsequent  publication.  Petri  dishes  containing confluent 
sheets of conjunctiva cells were inoculated with serial virus dilutions and overlaid with a gel 
of methyl cellulose  dissolved in medium  199  (2).  Herpes plaques  of 2  to 3  ram.  diameter 
developed in 3 days at 37°C. and were readily counted without staining. 
Serum Neutralizations.--All serum neutralization tests were carried out using the plaque 
technique. Equal volumes of serum and virus were mixed and incubated for 1 hour at room 
temperature. Petri dish cultures of conjunctiva cells were inoculated with 1.0 ml. of the serum- 
virus mixture and overlaid as for the virus titrations. The neutralizing titer of the serum was 
determined  by the reduction in plaque numbers  as compared with normal serum controls. 
Clonal Isolations.--Development of clonal lines of C-4 and conjunctival cells was according 
to the technique of Puck eta/.  (3). Young, rapidly growing cultures were dispersed  by a  10 
minute exposure to 0.05 per cent trypsin at 37°C. Cell clumps were broken up by gentle pipet- 
ting and the cell suspension  was immediately diluted 1:10 or 1 : 100 in growth medium warmed 
at 37°C. The cell suspension  was counted in a hemocytometer and the concentration adjusted 
to 100 cells per ml. by further dilution in warm growth medium. Petri dishes (60 mm.) were 
seeded with 100 cells in 5 ml. of growth medium and incubated at 37°C. in an atmosphere of 
5 per cent CO~ for  10 days.  The clones were located either grossly or microscopically and 
were then individually removed from the glass by trypsinization, planted in tubes, and grown 
into workable cultures. 
EXPERIMENTAL 
Development of the C-4 Cell Line 
An  abnormal  growth  pattern  in  herpes-infected  conjunctiva  cells  was  first 
observed during  a  study  of the persistence  of virus  in  cells at  30°C.  After the 
infected cultures  had remained  at  30°C.  for several weeks the growth  of these 
cells changed  from  the  usual  monolayer  type  shown  in  Fig.  1  to  that  seen  in 
Fig.  2  and  Fig.  3.  Instead  of  remaining  in  a  monolayer  typical  of  the  unin- 
fected controls,  the  cells at  numerous  foci scattered  about  the  cell sheet pro- 
ceeded  to multiply in  a  direction away from  the  glass  surface  to form masses 
which reached a  thickness of 15 to 20 cell layers. The cells between such masses, 
however, remained in normal monolayer. 
The  C-4  line  of  cells resulted  from  the  following procedures.  Bottle  cultures  of 
human  conjunctiva cells, inoculated with  1000 TCIDs0 of herpes simplex virus in  10 
ml. of growth medium were incubated  at 37°C. for 3 days. At this time the cultures 
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Each was then trypsinized and subcultured in two bottles which were placed at 37°C. for 
18 hours to permit attachment of the cells to the glass, after which they were placed at 30°C. 
for a period of 10 weeks. The fluid medium was changed at 5 day intervals for the first 18 days, 
and thereafter  less frequently  since little  or no change in pH was evident in the medium. 
Following the 10 week incubation at 30°C. the surviving cells were changed to a medium con- 
taining 20 per cent pooled human serum and then incubated  at 37°C. Of the cultures which 
survived the infection and incubation at 30°C., none showed the presence of remaining virus 
and only one demonstrated  the altered growth described above. Uninfected control cultures 
treated in the same manner consistently exhibited a normal monolayer growth pattern. 
Initiation  oJ  the Altered Growth Pattern.---Once  the  C-4  cell  line  was  es- 
tablished it was maintained relatively easily by ordinary cell culture procedures, 
and it has exhibited its peculiar growth characteristics for more than 2 years. 
Several attempts were made to initiate  the growth pattern in other cultures of 
conjunctiva cells. Eighteen bottle cultures were carried through the conditions 
described for the original isolation of these ceils. In most bottles the number of 
cells survived the infection and incubation at 30°C. for 10 weeks was insufficient 
to produce a  viable culture, and none yielded cultures with the characteristics 
of the C-4 line. An equal number of uninfected control cultures were subjected 
to the same experimental conditions The majority of these survived to produce 
normal cultures  after the prolonged incubation at 30°C.,  and none developed 
characteristics  different  from routinely  cultured  stock  conjunctiva  cells. 
In work  carried  on simultaneously  with  that  employing conjunctiva  cells, 
however, a growth pattern similar to that of C-4 cultures developed in a culture 
of human carcinoma cells, line KB (4), infected with herpes simplex virus under 
rather different conditions. Mter cultivation of KB cells continuously infected 
with  herpes  virus for  18 months  in the presence  of pooled human  serum  the 
virus  became  undetectable  by  animal  and  tissue  culture  inoculation,  and 
simultaneously the cell culture began to exhibit a  proliferative growth pattern 
similar to that described for the C-4 cells.  In the KB cells,  as in conjunctiva 
cells,  once  the  aberrant  pattern  of  growth  was  established  it  was  a  stable 
characteristic of the culture. 
Growth Characteristics of C-4 Cells 
Study by Sequential Observation and Staining.-- 
Cultures of C-4 cells and control conjuncfiva cells were grown on coverslips in Leighton 
tubes incubated at 37°C. in a medium of 60 per cent Eagle's basal medium, 20 per cent horse 
serum, and 20 per cent human serum. Microscopic observations were made dally on all cul- 
tures. At periods of 4, 7, 9, 12, and 16 days pairs of coverslip cultures were fixed in Bouin's 
solution and stained with eosin and hematoxylin for hlstologic examination. 
Both the C-4 and control cells grew rapidly into confluent sheets of cells in 
3  to  4  days.  At  4  days  the  C-4  cultures  displayed  poorly  defined  irregular 
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size and by 7 days appeared as irregular cords of cells 3 to 4 layers thick with 
a  few  round, well defined masses of cells attaining a  thickness of  8  to  9  cell 
layers  (Fig.  2.)  As  the  cultures continued to  age  the  irregular cords of  cells 
developed into numerous round, well circumscribed masses reaching a thickness 
of  15  to 20 cell layers in 12  to  16 days  (Fig. 3).  In  stained  preparations  the 
cells at the bottom of such masses could be seen to have pycnotic nuclei while 
those along the sides and at the top showed frequent mitotic figures. No intra- 
nuclear inclusions typical of herpes infection were seen in any cells. The cells 
TABLE  I 
Effect of Serum on the Growth Pattern  of C-4 Cells 
Serum in medium] 
Horse  Human 
Per cent IPer cent I 
Cell growth pattern 
Day of culture 
1  2  3  4  5  6  7  8  9  10 
0  2 
0  5 
0  i0 
0  20 
2  0 
5  0 
10  0 
20  0 
40  0 
20  20 
M: 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M  M 
M  M 
M  M 
M  M 
M  M 
M  M 
M  FD 
M  FD 
M  FD 
MI  M 
M 
M 
M 
4/20 
FD* 
FD 
FD 
FD 
FD 
11/20 
M 
1/20: 
12/20 
20/20 
FD 
FD 
FD 
FD 
FD 
20/20 
M  M 
1/20  1/20 
12/20  12/20 
20/20  20/20 
FD  FD 
FD  !  FD 
FD  i  FD 
FD  I  FD 
FD  FD 
20/20  20/20 
[ 
M 
1/20 
13/20 
20/20 
FD 
FD 
FD 
FD 
FD 
20/20 
M 
1/20 
13/20 
20/2O 
FD 
FD 
FD 
FD 
FD 
20/20 
M 
1/20 
13/20 
20/20 
FD 
FD 
FD 
FD 
FD 
20/20 
* M, monolayer growth; FD, areas of focal degeneration in monolayer. 
:~ No. of tubes showing focal three-dimensional growth/total  No. of cultures. 
between such enlarged masses remained as a uniform monolayer of cells during 
this time. 
Effect  of Serum  on  the  Growth  of C-4  Cells.--With  continued observation it 
became apparent that the development of the C-4 cells was affected both by 
the concentration and by the type of serum contained in the growth medium. 
The following experiments were performed to study further the effect of serum 
on the growth of these cells. 
Tube cultures of both C-4 and normal conjunctiva cells were prepared and grown in Eagle's 
medium containing pooled human serum at a concentration of 2,  5,  10, and 20 per cent. 
Similar groups of tubes were grown in Eagle's medium containing horse serum at concentra- 
tion of 2, 5, 10, 20, and 40 per cent. Control sets of cultures were grown in Eagle's medium 
containing both human and horse serum at a concentration of 20 per cent each. All cultures 
were incubated at 37°C. The growth of the cultures was compared by daily observation for 
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The results  of this  experiment,  which are  summarized  in Table  I, brought 
out two facts: (a) The peculiar growth of the  C-4 cells into masses many cell 
layers thick occurred only in medium containing 10 per cent or more of human 
serum;  (b)  in  the  presence  of the  various  concentrations  of horse  serum  the 
C-4 cells  grew in a  monolayer similar  to the  control cells.  Unlike  the  control 
cultures, however,  the  C-4 cells grown in horse serum developed small foci of 
degeneration  beginning  after 3  to 4  days' incubation.  When stained prepara- 
tions were  examined microscopically  these  foci appeared  as  small  collections 
of cells containing pycnotic nuclei.  Such cells did not contain inclusion bodies 
nor were they completely destroyed to leave holes in the cell sheet. 
Serum in 
medium, 
days 1 to 7 
Hu. 
Per  I  Pe~ 
Cen~  cen 
20  [  0 
0  2O 
20  ]  20 
TABLE II 
Effect of Human Serum on Growth 
Day of culture 
1  2  3  4  5  6  7 
M*  M  FD*  FD  FD  FD  F D 
M  M  5/20  14/20  19/20  20/20  20/2C 
M  NI  ! 7/20  12/201  20/20  20/20  20/2¢ 
Seru n in 
med~ am, 
days [  to 14 
Horse  Hu-  man 
Per  Per 
cent  cent 
0  2O 
20  0 
20  20 
•  C-4 Cells 
Day of culture 
8  9  10  11  12  13  14 
i 
FD  16/20~  20/2C 20/20  20/20 20/20 20]20 
20/2020/20  20/2C~ 17/20  9/20  7/20  4/20 
20/20 20/20  20/2CI  20/20  20/20 20/20 20/20 
* M, monolayer growth; FD, areas of focal degeneration in monolayer. 
:~ No. of tubes showing focal three-dlmensional growth/total No. of cultures• 
In another  experiment  the  effect on established  cultures  of changing from 
one type of serum to another was tested. 
One group of C-4 cultures was grown at 37°C. for 7 days in Eagle's medium containing 
20 per cent horse serum. At the end of the 7 day period these cultures were changed to Eagle's 
medium with 20 per cent pooled human serum and incubated  for an additional  7 days. A 
similar set of cultures was grown for the first 7 days in medium containing 20 per cent human 
serum and then changed to 20 per cent horse serum for another  7 day incubation  period. 
For control purposes a third set of C-4 cultures was grown for 14 days in the usual growth 
medium for these cells containing 20 per cent of both horse and human serum. 
As shown in Table II,  the  cultures  incubated for the first  7 days in 20 per 
cent horse serum showed only a  monolayer growth with  the small foci of de- 
generation  observed  in  the  previous  experiment.  When  these  cultures  were 
changed  to  the  medium  containing  human  sermn  they  developed,  within  2 
days, the typical masses of cells several layers thick. At this time the small foci 
of degenerating cells seen during the first 7 days also disappeared. The cultures 
grown initially in 20 per cent human serum for 7 days developed characteristic, 
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medium containing only horse serum the original areas of thickening decreased 
in size and disappeared to leave a monolayer cell sheet. The C-4 cultures grown 
in the medium containing both horse and human  serum produced the typical 
proliferative foci which enlarged continually during the  14 day period. 
Relationship of Growth Pattern to Serum Levels of Herpes  Virus  Antibody.- 
Since the peculiar growth of the C-4 line of cells was seen only in the presence 
of pooled human  serum,  the possibility was considered that  this might be an 
effect of the small concentration of herpes virus antibody known to be present 
in the serum. 
TABLE III 
Growth Pattern of C-4 Cells in Individual Sera 
Serum 
Human 
Human 
Rabbit 
Horse 
Anti-herpes  antibody  in serum 
Negative 
Positive 
Positive 
Negative 
No. of cultures 
with monolayer 
growth 
No. of cultures with 
three-dimensional 
growth 
4 
10 
0 
0 
To study the effect of antibody further, C-4 cultures were grown in medium in which the 
pooled human serum was replaced with individual human sera demonstrated by neutraliza- 
tion test to be either free of antibody or to contain measurable  levels of anti-herpes virus 
antibody. In addition, cultures were grown in medium in which specific anti-herpes serum 
from rabbits was substituted for human serum. Examination of the cell growth in 27 human 
sera, including 15 containing herpes antibody and 12 without measurable antibody, revealed 
marked variation in the ability of individual sera to stimulate the abnormal growth of C-4 
cells. Although cell growth was rapid in all of the sera tested, only about one-half of the sera 
produced the three-dimensional growth seen with the pooled serum. 
The  results  summarized  in  Table  III  indicate  no  consistent  relationship 
between the presence of herpes antibody in the serum and the growth pattern 
of the C-4 cells. Growth of C-4 cells in herpes-immune rabbit serum was only 
in a  monolayer similar to the growth in horse serum. 
Comparison  of Growth  Rates of C-4 and Control  Cells.---Observation  of  the 
development of C-4  cells in bottle cultures suggested that  the multiplication 
rate of these cultures was somewhat more rapid than that of control cultures. 
In addition, it appeared that within the closely packed masses of cells in the C-4 
cultures  there  might  be  many  dead  or  degenerating  cells. To  examine  these 
possibilities the growth rates of C-4 and control cultures were compared over a 
9  day period, and throughout  the period the accumulation of cells permeable 
to trypan blue was determined for each culture. 
Bottle cultures of C-4 and control cells were dispersed with 0.05 per cent trypsin. The cells 
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Eagle's basal medium with 20 per cent horse serum and 20 per cent pooled human serum to a 
concentration of about 1.5 X  106 cells per ml. Tube cultures were planted with 1 ml. of cell 
suspension. The cultures were incubated at 37°C. and cell counts were made after  1, 2, 3, 4, 
5, 7, and 9 days of incubation. The culture medium was replaced on all cultures at 5 days. 
At each time interval cell counts were made on 4 tubes of C-4 cells and an equal number of 
control tubes. The fluid medium was drained from the cultures to be counted and the cells 
were washed once with 2 ml. of BSS and drained carefully. 1 ml. of 0.05 per cent trypsin was 
added and the tubes were incubated at 37°C. for 5 minutes. 0.1 ml. of trypan blue (0.2 per 
cent in PBS, pH 7.1) was added and duplicate counts of living and dead cells were made in 
a hemocytometer. Cell counts were adjusted  to allow for dilution by addition of the  dye. 
In the  experiment presented graphically in Text-fig.  1  the  C4  ceils were 
planted, by chance, at a  slightly higher concentration than were  the  control 
u.1106  n- 
h 
U 
W 
_1 
_1 
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/  CONTROL~  o CEILS 
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I  I  I  ,  I  1  ,  ~  '  ~)  3  5 
DAYS OF GROWTH 
T~xT-FIa.  1.  Growth of C-4 and control cells in bottle cultures in a medium containing 
20 per cent human serum and 20 per cent horse serum. 
cells. Growth of C-4 and control cells was approximately parallel for at least 5 
days.  Peak  concentrations of  cells in both cultures were reached  on the  7th 
day with the C-4 cultures at a  slightly higher level. A plateau or a  decline in 
viable cell numbers occurred after the  7th day. The average number of cells 
stainable with trypan blue was approximately 5 per cent in both C-4 and con- 
trol cultures during the first 7 days, and increased in both cultures to about 
15 per cent between the  7th and 9th day. Cell masses were well developed in 
the  C-4 cultures by the  7th  day and it was apparent that the proportion of 
non-viable cells in the cultures was not affected by the presence or absence of 
such a pattern of growth. 
Growth Characteristics of Clones from C-4 Cultures 
The circumscribed, localized character of the proliferative areas in C-4 cul- 
tures and the fact that they were regularly surrounded by areas of ordinary 892  FOCAL  PROLIFERATION  IN  CULTURED  CELLS 
monolayer  growth  suggested  the  possibility  that  this  cell  line  consisted  of 
mixed population  of cells,  some of which  were  capable of three-dimensional 
growth,  and others capable only of growth in a  monolayer. If this were true 
it should be possible to isolate cell clones from C-4 cultures which  would  ex- 
hibit one or the other type of growth exclusively. To test this possibility cell 
clones were isolated from C-4 cultures and from control cultures of conjunctiva 
cells.  The cloning efficiency of C-4 cultures was found to be similar to that of 
control  cultures.  Individual  clones  were  grown  into  workable  cultures  and 
examined both for growth characteristics in human serum and in horse serum, 
and for resistance to herpes simplex virus. A total of 25 clones of C-4 cells and 
27 clones of control conjunctiva cells were studied.  Considerable differences in 
cell morphology and  growth  rate  were  seen among  the  clones  from  C-4  cul- 
tures,  but  all  exhibited  the  same  type  of  three-dimensional  growth  in  the 
presence of human serum as exhibited  by the parent culture,  i.e.,  focal areas 
three-dimensional  growth  with  a  monolayer  between.  Clones  isolated  from 
control  cultures  showed  only  the  usual  monolayer  growth  under  the  same 
conditions.  Small variations in  susceptibility  to  infection and  destruction  by 
herpes simplex virus were found in both groups of clones, but C-4 clones were 
clearly no more resistant to herpes virus than were clones from control cultures. 
Attempts  to Demonstrate  the Presence  of Persisting  Herpes  Virus  in  C-4  Cells 
Since  the  original  culture  of  C-4  cells  had  been  extensively infected  with 
herpes virus for several weeks, numerous attempts were made to recover virus 
from and to detect herpes virus antigen in cultures of C-4 cells.  Tests for in- 
fectious virus were performed at frequent  intervals by inoculation  of culture 
materials  intracerebrally  into  adult  mice  and  into  normal  and  x-irradiated 
HeLa cultures (5). Materials tested from the 1st, 3rd, 4th, and 7th subcultures 
consisted of three types of preparations: (a) culture fluids removed from bottle 
cultures  of C-4 cells after 4  to 5  days of incubation,  (b)  C-4 cells washed  to 
remove growth medium and  inoculated  either as viable cells or after disrup- 
tion  by freezing and  thawing,  and  (c)  culture  medium plus  cells  thoroughly 
broken  by  a  mechanically  driven  teflon  grinder.  All  cell  suspensions  were 
adjusted to a  concentration equivalent to 106 cells per ml. before being inocu- 
lated either as living or disrupted cell preparations. Since infectious virus was 
not  demonstrable from any of these preparations,  later passages were tested 
for  herpes  virus  only  by  the  inoculation  of  cells  disrupted  by freezing  and 
thawing  into  tissue cultures and into mice. Such  periodic examination of the 
C-4  cultures  for the  following  2  years failed  to  demonstrate  infectious virus 
at any time. 
Repeated attempts were also made to demonstrate the presence of comple- 
ment-fixing herpes virus antigen in concentrated C-4 cell extracts. Tests were 
carried out using rabbit and human antisera having complement-fixing titers 
of 1 : 16 to 1 : 64 against stock herpes virus antigen. Fixation was at 4°C. over- H.  C.  HINZE  AND  D.  L.  WALKER  893 
night  using  2  units  of complement. No herpes virus antigen was  detectable 
by this method. 
Efforts were made to detect herpes virus antigen in C-4 cultures by staining 
with  fluorescent antibody.  Cells  on  coverglasses were  collected at  daily in- 
tervals for 7 days after the cultures were planted, and the cells were stained 
by the indirect method (6). No indication of specific antigen was found in the 
cells. 
TABLE  IV 
Titration of Viruses in C-4 and Contrd Conjunaiva Cell Cultures 
Virus 
Poliovirus 
Vesicular stomatitis 
Adenovirus 
Influenza A 
Herpes simplex 
Results of titration 
C4 cells 
TCIDso/mt. 
lOSZ 
108.o 
105.~ 
103.5 
lOe.S 
Control cells 
TCID6o/ml. 
105.5 
107.5 
10'.~ 
108.* 
105.s 
Viral Susceptibility  of C-4 Cells 
Important to a consideration of the possible mechanisms leading to the focal 
proliferation of  C-4  cultures  was  a  comparison of  the  susceptibility of  C-4 
cultures and  the  conjunctiva cell line from which  they were derived to the 
effects of several viruses. This comparison was made in the following manner. 
Tube cultures of C-4 cells and of normal conjunctiva cells were grown in medium con- 
taining 20 per cent of both human and horse sera. When the cells had grown into confluent 
sheets the medium was removed and the cultures were washed three times with BSS. Serial 
tenfold dilutions of each of the viruses were then inoculated into similar groups of C-4 and 
control cell cultures using 4  tubes per dilution. The viruses used were poliovirus (type II), 
influenza A virus, vesicular stomatitis virus, adenovirus (type 3), and herpes simplex virus. 
Tubes were examined for microscopic evidence of cytopathic effect at  3  and 6  days after 
inoculation. 
No difference that was considered significant was found between the effects 
of the viruses on the C-4 and on the control cultures of conjunctiva cells (Table 
IV).  C-4 cells did not exhibit increased resistance to herpes simplex virus or 
to any of the other test viruses. 
Attempted  Induction  of Herpes  Virus  Production in C-4 Cells by  X-Ray  and 
Ultraviolet Irradiation 
Since  the  phenomenon  of  induced  phage  development from  prophage  of 
lysogenic bacteria (7, 8) is as yet undemonstrated among the animal viruses, 
one can only speculate on the measures necessary to induce development of a 894  FOCAL  PROLIFERATION  IN  CULTURED  CELLS 
provirus into infectious virus if a relationship analogous to lysogeny exists in an 
animal cell. The following experiments were done to determine whether produc- 
tion of herpes virus could be induced in C-4 cells by x-ray or ultraviolet treat- 
ment in a  manner similar  to the induction of bacteriophage in lysogenic bac- 
teria. 
Tube cultures of C4 cells were grown for 8 days both in the presence and in the absence 
of human serum. Each set of cultures was divided into four groups and three of these were 
treated  respectively with 200, 600, and 1000 roentgens of x-irradiation using a Westinghouse 
tube operated at a constant potential of 175 kv. and filtered through 0.5 ram. copper and 1.0 
ram. aluminum. All cultures were incubated for 14 days at 37°C. and observed dallv for evi- 
dence of cytopathie effect. At the end of the observation period samples of the cells and fluid 
were inoculated intracerebrally  into adult mice. 
The irradiated C-4 cells showed no evidence of cytopathic effect attributable 
to  herpes  virus  infection  during  the  period  of the  experiment.  The  cultures 
receiving 200 r  appeared similar to the untreated  controls.  Cultures receiving 
the  larger  doses  of irradiation  developed  giant  cells  similar  to  those  seen  in 
x-irradiated  HeLa and conjunctiva cells.  Mice inoculated with  the fluids and 
cells from these cultures showed no evidence of infection with herpes virus. 
The  effect of ultraviolet  irradiation  on  C-4  cells  was  examined  in  the  fol- 
lowing experiments. 
C-4 and control cells were grown into a monolayer in 60 ram. Petri dishes in the absence 
of human serum. The medium was removed and the cells irradiated  in open dishes at 18 cm. 
distance from a Westinghouse 15 watt germicidal lamp using exposure times of 10, 20, and 
40 seconds. Control  cultures  were left  untreated.  Mter irradiation  the cells were washed 
with BSS, refed with fresh medium, and incubated at 37°C. 
The  C-4  cells  appeared  to  be  considerably  more  sensitive  to  ultraviolet 
irradiation  than  were  control  cells.  Exposure  of C-4  cells  for a  period  of  10 
seconds resulted in most cells becoming rounded and dropping off the glass in 
48 hours,  while an exposure of 40 seconds was necessary to produce a  similar 
degree  of damage  in  control  cultures.  Cells  and  medium  collected  from  C-4 
cultures 48 hours after irradiation and added to human conjunctiva and rabbit 
kidney cell tube cultures did not, however, yield evidence of viable herpes virus. 
In a second experiment both C-4 and control cells were grown in the presence 
of 20 per cent human and horse sera until the focal three-dimensional  growth 
of the  C-4  cells  was  well  developed.  The  cultures  were  irradiated  as  in  the 
previous  experiment  for periods  of  10,  20,  and  40  seconds.  Such  treatment 
again led to considerable damage to the C-4 cells as evidenced by the number 
of round and floating cells. Even the longest irradiation times, however, failed 
to result in destruction of all cells of the culture,  apparently because many of 
the C-4 cells were protected by overlying cells in the focal proliferative centers. 
Surviving C-4 cells did not exhibit cytopathic effect suggestive of herpes virus 
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junctiva cultures on the 3rd and 7th day of incubation demonstrate infectious 
virus. 
DISCUSSION 
Once  it made its appearance  in cell cultures,  the pattern of focal three- 
dimensional  growth described  in this study seemed to be a  stable,  heritable 
characteristic of the C-4 line of conjunctiva cells. Although the growth pattern 
could not be initiated in new cultures at will, the circumstances under which it 
did occur in conjunctiva and KB cells included, on both occasions, prolonged 
herpes virus infection of the cultures followed by disappearance  of the virus at 
approximately the time that three-dimensional  growth began.  Our failure to 
produce the phenomenon regularly indicates  that we did not  recognize and 
control  all  important factors, but  this does  not argue against  herpes  virus 
playing a part in initiating the growth pattern. The fact that except  for the 
culture medium used and the prolonged presence of herpes virus in the culture, 
the conditions of the two experiments  that did result in the abnormal growth 
pattern were  quite different even to the point of involving  two completely 
different cell lines  suggests  an  important role  for herpes  virus  in  the phe- 
nomenon.  Failure of the focal proliferations  to appear in control  cultures  not 
infected with herpes  virus,  but otherwise  treated similarly,  lends support to 
this conclusion. The appearance  of this growth pattern in two  different cell 
lines also suggests that the phenomenon  was not due simply to selection of a 
preexisting variant cell from the original population. While it is entirely  possible 
that herpes virus infection in a culture could cause the selection of certain cells, 
it seems less probable  that selection of preexisting  variant cells alone  could 
account for the appearance  of cells of such distinctive characteristics  in each of 
two cell lines of quite different origin and culture history. The selective pres- 
sure  of herpes  virus infection,  furthermore, would  be  toward selection  of a 
variant with increased resistance  to herpes virus infection, while the  C-4 line 
of cells was found not to be more resistant than control cells to destruction by 
herpes  virus.  Selection  of a  preexisting  variant cell has not been  excluded 
completely,  however,  but to design experiments  that would  do so would  be 
very difficult without a much more rapid and predictable  means of initiating 
the phenomenon. 
The possibility  of a contaminating virus other than herpes  virus being re- 
sponsible for the unusual characteristics  of the culture must be mentioned. 
Such  a  virus could  not be  demonstrated by subculture,  however,  any more 
than could herpes virus,  so there is no real evidence of a contaminating virus 
persisting in the culture. 
The  possibility  remains  that  the  focal  proliferative  growth  of  C-4  cells 
represents  a heritable change in cell characteristics  brought about by herpes 
virus. The fact that infectious virus or herpes virus antigens were not found 
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was no demonstrable resistance to superinfection suggests that if herpes virus 
was instrumental in initiating the change, the virus was quickly lost from the 
cells, or it entered a state in which it was not demonstrable by any of the tech- 
niques employed. Again, in order to provide conclusive evidence for or against a 
transforming capacity of herpes virus, it would be necessary to have a  clearer 
understanding of the early stages of the change in culture characteristics and 
to be able to initiate the characteristic growth pattern fairly regularly. 
Of interest in relation to the possible role of herpes virus in initiation of the 
phenomenon described here are recent studies concerned with  the  effects of 
Rous  sarcoma  and  polyoma viruses on cells in  culture. Rous  sarcoma  virus 
causes proliferative loci in which cells tend to pile up in clusters and to grow 
away from the glass surface (9). Prince (10) has presented evidence indicating 
that under certain conditions Rous sarcoma virus may establish a  relatively 
stable virus-cell relationship in which cells release little or no virus. There is 
in  his  data,  furthermore,  some  suggestion  that,  although  altered  cells  are 
usually  resistant  to  superinfection,  there  sometimes  appear  in  cultures  of 
resistance cells some cells that may have reverted to susceptibility to super- 
infection with homologous virus.  Vogt and Dulbecco described  (11)  the ap- 
pearance in polyoma-infected mouse  and  hamster  cell cultures  of whorls  of 
heavy cell strands that grew above the surrounding monolayer. The prolifera- 
tive response in mouse cells did not appear until several weeks after infection, 
at which  time  cell destruction subsided  and  virus  production became much 
reduced. In hamster cells the proliferative response to polyoma virus infection 
appeared in the 2nd week after inoculation and was accompanied by a marked 
decrease in virus  titer.  In such cultures frequently no intra- or extracellular 
polyoma virus could be detected, or it was  present at very low levels. It is 
particularly interesting that the proliferative response observed by Vogt and 
Dulbecco did not appear in all cultures, and that it appeared in calf or fetal 
bovine serum, but not when the cells were grown in a medium containing horse 
serum.  Thus,  in  several  of  the  characteristics  of  the  cultures  described  by 
Vogt and Dulbecco there is similarity to those of the C-4 cultures of the present 
study. An important difference, however, lies in the fact that  the cultures of 
Vogt and Dulbecco were resistant to superinfection. In regard to this point, 
Hellstr6m et al. have recently pointed out (12)  that transformation in the cul- 
tures of Vogt and Dulbecco occurred within a  relatively short period of time 
in the presence of extracellular virus and that there was thus a selection pressure 
favoring cells resistant to superinfection. Hellstr6m et al.  suggest that in vivo 
transformation occurs more slowly and  in  the presence of antibody capable 
of neutralizing extracellular virus.  On the  assumption  that  such an environ- 
ment  might  allow  the  survival  of virus-transformed but  nevertheless virus- 
sensitive  cells,  they  tested  cells  cultured  from  tumors  induced  in  vivo  and 
showed that the cells of several such cultures (both virus-excreting and non- 
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It is noteworthy that in the present study the transformation took place during 
the prolonged  cultivation of virus-infected  cells in the presence  of antibody. 
The observations referred to concerned with the characteristics  of Rous sarcoma 
ceils and polyoma virus-infected cells do not, of course, provide any direct 
evidence  regarding  the relationship of herpes  virus  to  the  C-4  ceils of the 
present study, but they do provide examples of rather similar phenomena seen 
in cell-virus  systems where  the altered characteristics  of the ceils can more 
clearly be related to the influence of the virus, and thus they make more rea- 
sonable the possibility that the characteristics  of the C-4 cells could have been 
virus-induced. 
The sharp localization of the proliferative  areas observed in the C-4 cultures 
was a puzzling characteristic.  Each of 25 clones isolated from the C-4 cultures 
exhibited the characteristic growth pattern of the parent culture with both 
three-dimensional  and monolayer areas of growth. This suggests that each cell 
of the C-4 culture has the potential of either type of growth and that the loci 
of three-dimensional  growth cannot represent  simply variant ceils within a 
population of normal cells. It suggests,  in addition, that there are  growth- 
regulating mechanisms  in  vitro  that ordinarily confine ceils to layers only a 
few cells thick, but that in the proper environment some C-4 cells escape this 
control and are able to continue growth away from the glass. The factor ordi- 
narily limiting cells to thin layers may well be an inadequate nutrient supply 
to underlying ceils with resulting steady degeneration of these cells. If the whole 
sheet of C-4 cells grew to a layer many cells thick, or if the masses of cells could 
be shown to be variant ceils, this characteristic could be attributable simply 
to an increased capacity for survival of underlying ceils. A more complicated 
hypothesis will be necessary, however, to explain why C-4 ceils grow for a time 
in a monolayer and then only at scattered points begin to grow into piles 15 to 
20 cells thick, and also to account for the fact that single, isolated  C-4 cells 
grow into cultures exhibiting  both cell masses and monolayers.  Some aspects 
of this phenomenon are reminiscent of the behavior of some of the cellular 
slime molds (13) and information developing about the differentiation of such 
organisms may be applicable to further study of the C-4 cell cultures. 
SUta~ARY 
The  occurrence  of focal  three-dimensional  proliferation was  observed  in 
human conjunctiva ceils in culture after prolonged infection with herpes simplex 
virus at 30°C. and in KB ceils infected with herpes virus at 37°C. for several 
months in the presence of pooled human serum. This atypical growth pattern 
consisted  of many discrete  piles of cells 15  to 20 cells thick scattered over a 
monolayer of cells. 
Three-dimensional  growth appeared only in  the presence  of  10  to 20 per 
cent of selected human sera.  When horse  serum was  substituted for human 
serum growth was in an ordinary monolayer. 898  FOCAL PROLIFERATION IN  CULTURED CELLS 
The abnormal growth pattern of this cell line (C-4 line) has remained stable 
through continuous culture for over 2 years and was observed consistently in 
each of 25 clones isolated from the parent culture. 
Repeated tests for the presence of persisting infectious virus and for herpes 
virus antigen in the cells were negative. 
Comparison of the  C-4 cell line  with  control  conjunctiva  cells revealed no 
significant difference in multiplication rate or in range of viral susceptibility, 
but the C-4 line was found to be more sensitive to ultraviolet irradiation. 
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EXPLANATION OF PLATE 88 
Unstained  cells.  X  100. 
FIG.  1.  Normal human conjunctiva  cells. 
FIG. 2.  C-4 cells after 7 days of growth on glass. 
FIG. 3.  C-4  cells after 16 days of growth on glass. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  113  PLATE  88 
(Hinze and Walker: Focal proliferation in cultured cells) 